Background. Portal hypertension is a serious complication of liver cirrhosis. Objective. To identify relevant endoscopic findings in patients with advanced cirrhosis and consecutive portal hypertension. Methods. This was a retrospective study of liver transplant candidates who underwent upper gastrointestinal endoscopy between April 2011 and November 2015. Results. A total of 1,045 upper endoscopies were analyzed. Portal hypertensive gastric and duodenal polyps were frequently observed and were associated with thrombocytopenia (p = 0.040; OR: 2.4, 95% CI 1.04-5.50), Child-Pugh score > 6 (p = 0.033; OR: 2.3, 95% CI 1.07-4.92), Model for End Stage Liver Disease score > 16 (p = 0.030; OR: 4.1, 95% CI 1.14-15.00), and previous rubber band ligation (p < 0.001; OR = 5.2, 95% CI 2.5-10.7). These polyps often recurred after polypectomy; however, no malignant transformation occurred during the observational time until October 2017. The most common endoscopic finding was esophageal varices, observed in more than 90% of patients. Conclusion. Portal hypertensive polyposis is common in patients with advanced cirrhosis. Our data suggest that these polyps have benign characteristics.
Introduction
Portal hypertension is a common consequence and major complication of cirrhosis [1] . Portal hypertension is defined by an elevated portal pressure gradient caused by increased resistance to portal blood flow due to architectural changes in the cirrhotic liver, contraction of intrahepatic components as a result of decreased intrahepatic nitric oxide production, and increased splanchnic blood flow [1, 2] . Portal hypertension is a syndrome that involves several organ systems, leading to the formation of portosystemic collaterals, esophageal and gastric varices, gastropathy, enteropathy, colopathy, and splenomegaly with consecutive blood abnormalities including thrombocytopenia caused by hypersplenism [1] .
In cirrhotic patients, endoscopy not only is used to detect esophageal varices but can also detect further gastrointestinal complications of portal hypertension such as portal hypertensive gastropathy or gastric varices. There have also been a few recent reports of polyposis related to portal hypertension [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The clinical relevance of this so-called portal hypertensive polyposis (PHP) remains unclear.
The present study was performed at a tertiary center and aimed to identify pathological findings during upper gastrointestinal endoscopy in patients with advanced cirrhosis who were under consideration for liver transplantation (LT) or who were already on the waiting list for LT in general and to explore the clinical characteristics of PHP in these patients.
Patients and Methods
This was an investigator-initiated, single center, retrospective analysis. All patients with cirrhosis who were under the care of the Department for Transplant Medicine at the University Hospital of Muenster and who underwent upper gastrointestinal endoscopy between April 2011 and November 2015 were considered for inclusion in this study. Inclusion criteria 2 Canadian Journal of Gastroenterology and Hepatology Stepwise variable selection using univariable binary logistic regression analysis was performed to explore potential single risk factors for endoscopic findings. All variables that reached a significance level of p ≤ 0.1 were included in the multivariable binary logistic regression analysis to identify independent risk factors for the endoscopic finding being investigated.
Results

Study Population and Clinical Data.
A total of 1,045 upper endoscopies performed in 407 cirrhotic patients were eligible for statistical analysis. The demographic data and clinical and laboratory characteristics of these patients are summarized in Table 1 . Most of the patients were male. Mean patient age was 59 ± 11.2 years. The most common Child-Pugh category was B, followed by A and then C. LGIEN = low grade intraepithelial neoplasia.
Endoscopic Findings.
The endoscopic findings are summarized in Table 2 . Esophageal varices were present in most patients. Grade I and II varices were present in 35.6% and 33.6% of cases, respectively, while grade III varices were found in 22.4% of patients. Gastric varices were found in approximately 10% of patients. Portal hypertensive gastropathy was as prevalent as esophageal varices and was observed in about 90% of patients. Helicobacter pylori was detected in 23 of the 219 patients (11%) in whom a biopsy was performed. Gastric polyps were present in about 10% of patients; these polyps mainly had the histologic characteristics of hyperplastic polyps, with foveolar hyperplasia and markedly proliferating, ectatic capillaries in the lamina propria. These portal hypertensive polyps were the most commonly found gastric polyps on biopsy and comprised more than 80% of all detected polyps. Adenomas were very rare (2.8%). Duodenal polyps were present in 8% of patients; these were also mostly hyperplastic. However, hyperplastic polyps were less frequent in the duodenum than in the stomach. Tubular adenoma and endocrine tumors were seen in two patients, with one patient showing a low-grade intraepithelial neoplasia. An additional colonoscopy was performed in 363 of the 407 included patients. A total of 135 patients (37.2%) had evident colon polyps, of which 113 polyps were endoscopically removed. Of these 113 removed colon polyps, 71 (62.8%) were adenoma with low-grade intraepithelial neoplasia, 34 (30.1%) were hyperplastic, two (1.8%) were sessile adenoma, four (3.5%) were adenocarcinoma, and two (1.8%) were leiomyoma ( Table 2) .
Portal Hypertensive Gastric Polyposis.
More than one polypoid lesion was present in the stomach in 79% of PHP cases. A total of 19 polypectomies were performed in 16 patients. There was no bleeding or perforation observed in any of the cases. Of the resected portal hypertensive polyps, 15 polyps (79%) recurred after polypectomy and were detectable in subsequent endoscopies. Notably, 55% of hyperplastic polyps with typical signs of PHP first arose or progressed following rubber band ligation (Figure 1) . During a mean follow-up of 44.6 ± 14.7 months, none of the polyps degenerated into malignant carcinoma. No episodes of spontaneous bleeding related to portal hypertensive polyps were observed during the time of the study. All polyps were localized in the distal part of the stomach (antrum and prepyloric region). Using multivariable binary regression analysis, thrombocytopenia (defined as platelet count < 130 × 10 3 / l) was shown to be an independent risk factor of PHP (p = 0.040; OR = 2.4, 95% CI 1.04-5.50). The other independent predictors of the occurrence of PHP were Child-Pugh score > 6 (p = 0.033; OR = 2.3, 95% CI 1.07-4.92), MELD score > 16 (p = 0.030; OR = 4.1, 95% CI 1.14-15.00), and previous rubber band ligation (p < 0.001; OR = 5.2, 95% CI 2.5-10.7) (Figures 2 and 3) .
In multivariable analysis, male sex (p = 0.01; OR 1.9, 95% CI 1.2-3.2), evidence of duodenal polyps (p = 0.02; OR 2.5, 95% CI 1.4-5.3), and HCC (p = 0.04; OR 1.8, 95% CI 1.0-3.1) were found to be significantly associated with colonic polyps.
Statistical analysis showed no association between proton-pump inhibitors and PHP (p = 0.680; OR = 0.946). However, it should be pointed out that the majority of patients received PPI. Therefore, the analysis regarding the role of PPIs may be limited by this fact.
Binary regression analysis showed no association between beta-blockers and PHP (p = 0.460; OR = 0.968) 
Discussion
To the best of our knowledge, the present study is the largest study investigating upper gastrointestinal endoscopy findings in LT candidates with advanced cirrhosis. The present study identified a very high prevalence (> 90%) of esophageal varices and portal hypertensive gastropathy. Previous studies have estimated the prevalence of esophageal varices at the time of diagnosis of liver cirrhosis as about 35% in patients with compensated cirrhosis and 60% in patients with decompensated cirrhosis [1] , while portal hypertensive gastropathy is reportedly seen in 11-80% of cirrhotic patients [1, [16] [17] [18] . Our patients underwent endoscopy at the time of referral to a tertiary center, which probably explains the greater frequencies of varices and portal hypertensive gastropathy. One study on LT candidates undergoing screening endoscopy reported incidences of varices and portal hypertensive gastropathy of 73% and 62%, respectively [17] . The higher prevalence of these findings in our study may be explained by the presence of more advanced disease in our cohort (Child-class C in 26% in our study versus 17% in the study by Zaman et al. [17] ). The prevalence of both portal hypertensive gastropathy and variceal progression is strongly correlated with the increasing severity of cirrhosis [1, 17, 18] . The higher prevalence of these complications in our study may also partly be explained by the extensive experience of our endoscopists in endoscopic examination of patients with cirrhosis, as our center is highly specialized in this field, allowing the detection of early endoscopic alterations. The detection of grade I varices in nearly 40% of cases may be consistent with this assumption. In our study, splenomegaly (83%) and ascites (56%) were also highly prevalent findings. This is consistent with another study on LT candidates [19] .
Portal Hypertensive Polyposis.
Apart from the expected cirrhosis-related pathologies such as esophagogastric varices and portal hypertensive gastropathy, there was a noticeable high prevalence of gastroduodenal polyposis observed in our patients. The prevalence of gastroduodenal polyps in the general population reportedly ranges from 0.5% to 6.35% [3, 4] . In contrast, gastroduodenal polyps were far more frequent in our study; almost 10% of patients had gastric polyps, and 8% had duodenal polyps.
Gastric and duodenal hypertension has been associated with the presence of portal hypertensive polyps, but this has mostly been reported in case reports and a few small case series [5] [6] [7] [8] [9] [10] [12] [13] [14] [15] . In our study, we comprehensively evaluated the clinical appearance of PHP. These polyps are typically localized in the stomach; however, they can be found all through the intestine [8, 11, 14] . Macroscopically, portal hypertensive polyps cannot be distinguished from normal hyperplastic polyps but frequently present with small ulcerations [7, 9] . Even histologically, there are similarities between hyperplastic and portal hypertensive polyps [6] . There are still no clear diagnostic criteria for portal hypertensive polyps [11] . However, typical features of portal hypertensive polyps reportedly include foveolar hyperplasia of the epithelium as well as proliferating, ectatic capillaries in the lamina propria; this indicates their portal hypertensive nature and distinguishes them from inflammatory polyps (Figure 4) [3, 7, 8, 11, 14] .
In our cohort, polyps were pathologically classified as "hyperplastic" in the majority of cases, even though they showed the abovementioned histological criteria of portal hypertensive polyps. One notable characteristic of these polyps in our study was that they almost always occurred in multiples. Other studies including cirrhotic patients have reported a PHP frequency of 0.9-1.3% [6, 8, 11] . As portal hypertensive polyps are still relatively unknown by both endoscopists and pathologists, they may be considerably underdiagnosed. The pathogenic mechanism of PHP remains unknown, but increased congestion caused by increased portal pressure may play an important role in inducing proliferation and angiogenesis. Some observations suggest that these polyps may respond to the treatment of portal hypertension [8] [9] [10] . Therefore, the presence of these portal hypertensive polyps may have been particularly high in the present study due to the advanced stage of cirrhosis in our cohort. Accordingly, the independent risk factors for PHP were identified as thrombocytopenia (platelet count < 130 × 10 3 / l), Child-Pugh score > 6, and MELD score > 16. Of note, the strongest risk factor for the development of these polyps was previous rubber band ligation. This may be because band ligation of the esophageal varices leads to increased formation of portosystemic shunts, including the gastric wall. This hypothesis is also consistent with the histological finding of proliferating ectatic vessels in the gastric mucosa and strongly supports our hypothesis of an evident proliferation stimulus of the increased portal blood flow on the gastric mucosa.
PHP is still poorly understood, and little is known about the risks and benefits of endoscopic resection. Although endoscopic resection was performed in all cases without complications in our study, the necessity of polypectomy should be critically considered, as portal hypertensive polyps frequently recurred and not one malignant transformation was observed during follow-up of 44.6 ± 14.7 months.
In our study, the incidence of colon polyps and the frequency of adenoma within these polyps were similar to those reported in another cohort of LT candidates (37% versus 42% for colon polyps and 54.1% versus 53.6% for adenoma within colon polyps) [20] . In contrast to the polyps found in the upper gastrointestinal tract, adenomas are the most common detected entity of colon polyps. As this entity represents a preliminary stage of adenocarcinoma, colon polyps should always be resected and studied histopathologically to assess their potential for malignant transformation. Subsequent endoscopic surveillance of colonic polyps depends on number, size, and histopathology of polyps, as well as the prevalence of hereditary conditions [21] . The Paris classification of gastrointestinal lesions can be used to classify colon lesions into polypoid, nonpolypoid, and depressed or excavated, where the latter is more likely to show high-grade dysplasia or malignancy (the Paris endoscopic classification of superficial neoplastic lesions: esophagus, stomach, and colon). Some data indicate a positive association between higher levels of sex hormones in men and the development of colorectal carcinoma, while estradiol seems to have protective effects [22] . Given the adenoma-carcinoma-sequence, these findings may give an explanation for the higher rate of colon polyps in men in our patient cohort.
The higher prevalence of colon neoplasia in patients with the evidence of incidental duodenal polyps emphasizes the recommendation for colonoscopy in patients with sporadic duodenal neoplasia that has been stated in former studies [23, 24] .
One interesting finding of our study was the positive association between HCC and the prevalence of colon polyps. This fact may be explained by the results of several studies indicating a higher rate of colorectal polyps in patients with liver cirrhosis, while liver cirrhosis is also the main risk factor of HCC [20, 25] .
Conclusions
PHP is a common finding in patients with advanced liver cirrhosis, which until now may have been underestimated by both endoscopists and pathologists. These PHP lesions are typically localized in the antrum of the stomach, are mostly multiple, and show typical microscopic findings. Portal hypertension seems to play a crucial role in the pathogenesis of PHP, as these lesions are mostly seen in advanced cirrhosis, frequently after rubber ligation of preexistent esophageal varices. There is currently no evidence of these polyps having malignant potential. In our opinion and based on these findings, both polypectomy and endoscopic surveillance are dispensable in case of PHP.
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